Biosynthesis and release of tachykinins from rat sensory neurons in culture.
A long-term culture system of dissociated rat dorsal root (DRG) and trigeminal ganglion cells with high cell density has been developed. Two to 3 weeks after plating, the cultures consist of a nearly pure population of sensory neurons, which can be kept for more than 2 months in culture. Cultured neurons synthesize and release the tachykinins substance P (SP) and substance K (SK, neurokinin A) with a time course similar to that observed in vivo. High-pressure liquid chromatography (HPLC) analysis of peptides extracted from neuronal cultures and synthetic tachykinins revealed identical retention characteristics. Northern blot analysis of mRNAs from cultured cells with a specific tachykinin-probe demonstrated that the preprotachykinin-gene is expressed in preparations of both DRG and trigeminal ganglia cells. Depolarizing stimuli such as high potassium (47 mM) evoked a peptide release from cultured neurons in a strictly Ca(++)-dependent manner. Capsaicin, a compound known to stimulate nociceptive sensory neurons, dose-dependently released tachykinins in concentrations as low as 10(-9) M. Only total absence of Ca++ ions from the incubation medium abolished the capsaicin-induced peptide release. Nifedipine, a blocker of voltage-dependent L-type Ca++ channels, completely blocked the potassium-induced release of SP but did not reduce the capsaicin-evoked release. Mediator substances of pain and inflammation, such as bradykinin, serotonin, and histamine, triggered the release of tachykinins from sensory neurons in vitro. These results clearly demonstrate that the neurons characterized express properties similar to those of sensory neurons in vivo and provide model systems for detailed studies of the biosynthesis and release of neuropeptides as well as the participation of sensory neurons in pain and inflammatory reactions.